Cellular uptake pathways of lipid-modified cationic polymers in gene delivery to primary cells.
Hydrophobic modifications have emerged as a promising approach to improve the efficiency of non-viral gene delivery vectors (GDV). Functional GDVs from non-toxic polymers have been created with this approach but the mechanism(s) behind lipid-mediated enhancement in transfection remains to be clarified. Using a linoleic acid-substituted 2 kDa polyethylenimine (PEI2LA), we aimed to define the cellular uptake pathways and intracellular trafficking of plasmid DNA in normal human foreskin fibroblast cells. Several pharmacological compounds were applied to selectively inhibit uptake by clathrin-mediated endocytosis (CME), caveolin-mediated endocytosis (CvME) and macropinocytosis. We found that PEI2LA complexes were taken up predominantly through CME, and to a lesser extent by CvME. In contrast, its precursor molecule, PEI2 complexes was internalized primarily by CvME and macropinocytosis. The commonly used 25 kDa PEI 25 complexes utilized all endocytic pathways, suggesting its efficiency is derived from a different set of transfection pathways than PEI2LA. We further applied several endosome disruptive agents and found that hypertonic media enhanced the transfection of PEI2LA by 6.5-fold. We infer that lipid substitution changes the normal uptake pathways significantly and transfection with hydrophobically modified GDVs may be further enhanced by incorporating endosome disruptive elements into vector design.